INTRODUCTION.
Recent studies on complement fixation with bacterial antigens have shown that there are distinct possibilities in the method for etiological diagnosis. Koessler (I) and Kolmer (2) applied it in scarlet fever, determining complement fixation with other immune reactions in horses and rabbits immunized with streptococci from scarlet fever patients. In 19o4 Besredka (3) applied the test to horses immunized with streptococci. Swift and Thro (4) applied the complement fixation method in attempting to differentiate various forms of streptococci. Smith and Brooks (5) studied this immune body reaction, as well as precipitins, agglutinins, opsonins, and bacteriolysins in rabbits injected with typhoid vaccine, and found that the complement-fixing substance is produced at about the same time and in about the same ratio as other immune bodies. The test has 'been applied in cholera, glanders in horses, echinococcus invasion, lepta, rabies, and helminthiasis.
The publications of Schwartz and McNeil (6) suggested the possibility of detecting gonococcus infections with secondary joint invasion; and the favorable results with gonococcus vaccine in gonococcus arthritis suggested a possible successful therapy for certain cases. The article by Swift and Thro (4) on the study of streptococci with the complement fixation reaction led us to the employ, ment of this test for bacterial infections other than gonococcal.
If arthritis deformans is an infectious disease, proof of such infection may be searched for as follows : (I) By making cultures from the exudate in the joints and in tissues about the joints. This method has been followed unsuccessfully by many. The reason is not hard to find if one bears in mind that hematogenous infection of the joint tissues begins in the terminal end bulbs of the blood vessels and in lymph spaces, and that it is only when the process invades the joint fluid that bacteriological examinations are positive.
(2) By making cultures from possible loci, evidenced by clinical manifestations, other than the joints.
(3) By making blood cultures for bacteriemia. (4) By making blood tests for immune bodies against exogenous and autogenous antigens, obtained by (I) , (2) , or (3)-The complement fixation substance (fixateur of Besredka) is the most appropriate for this purpose.
It must be borne in mind that (2) and (3) do not locate the ir~-fection in or about the joints. Whether or not (3) positively excludes (4) has not been determined, although theoretically this would seem probable. The relation of (4) to acuteness of infection has not been determined, excepting for the gonococcus infection by Schwartz and McNeil. The results in syphilis are not considered, since the Wassermann reaction is not a true complement fixation.
Our results with Streptococcus viridans tend to show the findings of Schwartz and McNeil for gonococcus infections; namely, that subacute and chronic processes give positive fixation tests, while the acute processes give negative tests. Some of our control cases of acute sepsis with bacteriemia and subacute and chronic infective endocarditis with bacteriemia gave negative reactions.
Does the complement fixation reaction indicate that the joint lesion is due to the organism giving a positive test? This may not necessarily be so, yet in syphilis the Wassermann test is not positive until the invasion has become systemic, and, as Schwartz and McNeil have shown, positive tests for gonococcus are not obtained until the infection has passed beyond the primary focus. Besredka (3) found that fixateur for streptococci of the pyogenic and hemolytic types is readily produced by intravenous injections, and rarely or not at all by subcutaneous inoculations of streptococci in rabbits. That the positive fixation test in infective deforming arthritis indicates that the organism used as antigen is the agent of infection, is borne out (I) by giving small doses of vaccine of the organism, producing thereby focal reactions in and about the joints; (2) by marked improvement when a vaccine of the organism fixed by the patient's serum is given therapeutically over a long period of time ; (3) by finding a primary focus of infection, i. e., infected teeth, prostate, and demonstrating that autogenous antigens, prepared with cultures from an alveolar abscess, yield positive complement fixation tests with the patient's serum and, injected as vaccines in small doses, cause focal reactions.
In other instances cultures of streptococci and staphylococci from the tonsils, endometrium, and sputum have given no reactions with the patient's blood, while positive reactions were obtained with gonococci and S. viridans from other sources, and the patients improved under treatment without removal of the tonsils and with the persistence of the endometritis.
BACTERIA ISOLATED AND ANTIGENS USED. Table I gives the strains of S. viridana isolated, their source, the diagnosis, the duration of the disease, and, in the cases of arthritis, the joint involvement. The strains are numbered consecutively as antigens for reference in the records of the complement fixation tests. Table II gives the antigens and strains of bacteria, other than S. viridans, made use of for control complement fixation tests. These have been lettered from A to O.
METHODS EMPLOYED.
Antigens were prepared by suspending a cultural growth in o.8 per cent. sodium chloride solution. The nature and source of the cultures are shown in tables I and II. Cultures were grown on plain agar, glycerin agar, North's medium (7) , and in plain broth. The first generations of S. viridans required from two to ten days for growth, and after a few transplantations a suitable growth was obtained within forty-eight hours. The surface growth of from four to eight tubes of solid media was washed off with o.8 per cent. sterile sodium chloride solution (2 c.c. per tube), shaken thoroughly, and killed by heating to 6o ° C. for thirty minutes. No advantage was obtained by shaking the suspension from twenty-four to forty-eight hours in an apparatus run by water motor, rather than by thorough shaking by hand. The suspensions were standardized by the method described (i) by Callison (8) by diluting the bacterial suspension with o.8 per cent. sodium chloride solution, to which had been added carbol-fuchsin, and counting with the Thoma-Zeiss counting chamber, and (2) by Wright's method. The latter method was found to be the most satisfactory, and with an organism as small as S. virldans the clearest preparations were obtained by fixing slides with the saturated solution of bichloride of mercury for ten minutes and staining in Loeffier's methylene blue for three minutes. Urine. Blood.
Ulcer of nasal septum.
It was found that for S. viridans the best procedure is to dilute the bacterial emulsion to I c.c. (i,ooo,ooo,ooo). Of this emulsion from 0.8 to'o.I c.c. and from 0.o9 to o.oi c.c. were tested for their inhibiting power (anticomplementary) against the standard sheep-rabbit hemolytic unit in o.I c.c. quantities with o.I c.c. of guinea pig complement corresponding to two units of hemolytic amboceptor and red cells. The complement and different amounts of antigen were incubated in a water bath at 37 ° C. for forty minutes, and the amboceptor and red cells added ; the tubes were again incubated for forty minutes and placed on ice over night. The antigen to be used was selected from the highest limit of dilution of antigen which permitted complete hemolysis. It was found for S. viridans that the usable antigen, ten days after preparation, was from 0.o3 to o.oi c.c. (from IO,OOO, OOO to 3o,ooo, ooo) for the amounts of patients' serum and hemolytic unit used.
It was found that preservatives such as lysol and carbolic acid and alcohol could not be used since these substances interfered with the fixation of the antigen. Considerable difficulty, therefore, was encountered in preparing a permanent antigen. The antigens were kept cold, on ice, when not in use, and with precautions against contamination have often retained their activity for several months. They lose power with age. For a few days after preparation the antigen may be weaker, the usable quantity .being as high as 0.09 c.c. (9o,ooo,ooo), than after standing for a week or ten days, when the usable quantity will be found to be from 0.03 to o.oi c.c. (3o, ooo,o0o to IO, OOO,OOO).
For the complement fixation tests 0.03, 0.o2, and o.oi c.c. of patients' serum were used with the amounts of antigen and hemolytic unit previously noted, and controls were prepared with the same amounts of patients' serum and hemolytic unit and complement, without antigen.
The amount of complement-fixing body (fixateur) in patients' serum was found to be small, for often only a partial inhibition Of hemolysis occurred with o.oi c.c. of serum (o.I c.c. of I: IO dilution), while complete inhibition occurred with 0.02, 0.03, 0.04, and 0.05 c.c. of a positive serum which was weak in anticomplementary power.
The necessity for the employment of so many streptococcus antigens is due to the facts that a group reaction for several strains could not be obtained; without preservation it is difficult to prevent contamination, and the retention of fixability is variable. As a rule antigens freshly prepared and two or three weeks old give good fixation, within narrow limits. It has not always been possible to carry through a known positive serum, but several sera have been tested at a time and a known negative serum used as a control, the negative or positive nature of the control sera having been tested in comparison with rabbit sera, recorded in the report on animal experiments (9) .
In table III are recorded the results of positive complement fixation tests for S. viridans with sera from patients afflicted with ~ chronic infective deforming arthritis. The qualification "chronic infective deforming" is applied because the positive reactions indicate the infective nature of the disease. Cases I, 8, 9, Io, and I6 began as mildly febrile infections in one or more joints, rapidly extended within a few weeks to most of the large and small joints, and ultimately produced the joint deformities--and the joint lesions shown by radiographs in cases I and Io,--found in classical cases of arthritis deformans.
Cases 8 and 9, with hepatomegaly and splenomegaly, in females of nine years, were typical of Still's Disease.
Cases 7, IO, I3, and I4 only were males; the remaining thirteen were females. Ages ranged from 3 ° (case I5) to 69 years (case I6). Duration, at first visit, was from 9 months (case I) to 30 years (case 5). In fifteen cases, all except cases 7 and I3," loci of infection were found. Cultures of S'. viridans were isolated from eleven cases, in ten from the teeth, and in one from the sputum. In one case (No. 3), Micrococcus tetragenus was isolated from uterine curettings, and in five cases no cultures were taken. In four cases with no cultures there was a history of pyorrhea alveolaris in three and a history of acute rheumatism in one.
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ABSTRACTS OF CASES OF ARTHRITIS DEFORMANS GIVING POSITIVE FIXATION TESTS FOR STREPTOCOCCUS VIRIDANS.
Case 1.--Mrs. C., aged 38 years. Duration , at first visit, June, I9II, 9 months. Began in knees after exposure to wet and cold (rheumatic throat) in 19o8; abscess of left lower maxilla under last molar tooth. Feb., i912. Clinical course of infective disease with pyrexia for seven months; all joints involved including cervical spine and both temperomaxillary joints; periarthritis; tenosynovitis; neuritis; phlebitis of left saphenous and popliteal. Oct., I913, condition typical of arthritis deformans.
Case 2.--Mrs. L., aged 4x years. Duration, at first visit, Jan. I, I912, I2 years. Began in small joints of hands one month after parturition with pyrexia; persistent endometritis; all joints including cervical spine; periarthritis; tenosynovitis; neuritis. S. viridans from tooth extracted in I912.
Case 3.--Mrs. B., aged 43 years. Duration, at first visit, Feb., I912 , 4 years. Began insidiously in knees, ankles, and wrists; persistent endometritis; all joints including cervical spine and left temperomaxillary joint; periarthritis; tenosynovitis; neuritis; phlebitis of left saphenous vein; pleuritis.
Case 4.--Mrs. S., aged 4o years. Duration, at first visit, Apr., I912 , 4 years. Began insidiously in knees and wrists; pyorrhea alveolaris for years; all joints involved, except spine and jaws.
Case 5.--Miss L., aged 6o years. Duration, at first visit, May, I912 , 3 ° years. Began insidiously in fingers, elbows, and knees; pyorrhea alveolaris for years, whether or not preceding arthritis is not known; all joints including cervical spine and temperomaxillary joints ; periarthritis ; tenosynovitis ; neuritis; extensive crippling and marked deformity. Thrombophlebitis and gangrene of one leg and toes. Death, Feb., I914.
Case &--Mrs. W., aged 40 years. Duration, at first visit, Oct., I912, I year.
Began in left temperomaxillary joint; radiograph showed apical abscess over left upper molar; mild polyarthritis. Case 9.--S., female, aged 9 years. Duration, at first visit, Nov., I912, 2 years.
Still's disease; all joints involved, except spine; deformity typical of arthritis deformans.
Case io.--P., male, aged 49 years. Duration, at first visit, Feb., I912, 2 years.
Previously tonsils and teeth inspected and teeth treated; tonsils not treated. Began in wrists, ankles, and knees; all joints involved except hips and temperomaxillary joints ; complement fixation tests positive to gonococcus and S. vlridans; deformity more typical of gonococcus arthritis than of arthritis deformans; recovery under treatment with gonococcus vaccine.
Case II.--Mrs. R., aged 48 years. Duration, at first visit, June, I913, I2 years. Began in toes, extended to all joints of left foot and then right foot; could not walk for a year; rheumatism I8~/ years before first visit, during pregnancy and puerperium; all joints involved except the spine; left internal ear painful,--diagnosed "rheumatic ear"; radiograph showed apical abscess of right upper molar, which was treated and pronounced cured one month before first visit; deformity moderate.
Case I2.--Miss M., aged 50 years. Duration, at first visit, Feb., I9x3, 5 years.
Began in left knee; shortly followed to right knee and all joints, excepting left jaw and hips; progress slow with exacerbations of pain, redness, increased swelling, and local heat in joints; deformity moderate.
Case ~3.--S., male, age not known. Duration, at first visit, May, :t913, several years, following acute rheumatic arthritis years before: all joints involved; deformity typical of arthritis deformans.
Case z4.--T. C, C., male, aged 46 years. Duration, at first visit, Oct., I913, years. Acute rheumatism at 6 years of age; chronic arthritis began in I9o8; an acute attack with low fever for a few days and inflammation of left thumb, followed by small joints of both hands, wrists, shoulders, hips, knees, maxillary joints, cervical spine, and ankles; course progressive with exacerbations; neuritis in left arm two years ago; teeth considered excellent until two years ago; considered good at present, although pyorrhea is extensive, involving six or more teeth; indigestion and foul stools for years. Died of Bright's disease and uremia, Mar., I914.
Case IT.--Mrs. McM., aged 6o years. Duration, at first visit, Feb. I2, I914, several years. Began in ankles and knees; involved subsequently small joints of hands and feet, spine, shoulders, elbows; pyorrhea alveolaris extensive for several years.
In the same case one may find hypertrophic, atrophic, periarthritic, and often tenosynovitic lesions; and multiplicity of lesions is noticeable in the acute and chronic infective cases which end ultimately in the progressive deforming arthritis without evidences of infection. In two cases only, not recorded in table III, since the progress of the disease and the deformity were not of arthritis deformans, have the symptoms and signs been those of an atrophic arthritis confined to the joint surfaces, with creaking and crepitation on motion, little tenderness, no pain, no local temperature, and with ultimate erosion of the small joints; one was a female, aged 44 years, and one a male, aged 4o years, and in both the progress was slow, over a period of three or four years with no annoyance other than that from the creaking and grating and the partial loss of control of the small joints.
RESULTS POSITIVE FOR GONOCOCCUS. Table IV gives the results with eight cases reacting to gonococcus antigen. It may be assumed that the tests in cases 18 and 19 were incomplete since no S. viridans antigens were used. Four cases (18, 19, 20, and 21) exhibited deformity characteristic of arthritis deformans. Two of these four cases (Nos. 2 and 21) were classed as infective deforming arthritis and are included under the cases in table III, since both reacted also to S'. viridans. 
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• 5o and 51 ) of acute infective endocarditis gave negative tests at the time that the S. viridans was isolated from the blood. Case 54, of septicemia, gave a positive fixation test for gonococcus, and £treptococcus hemolyticus, the causative agent, was isolated from the blood. Three other cases (Nos. 59, 66, and 71), one of acute tonsillitis and chronic prostatitis, one of secondary anemia, and one of paralysis agitans, in males, gave positive reactions against gonococcus, and as with case 54 the positive blood reactions bore no relation to the affliction complained of and should be considered as positive evidence of clinically latent gonococcus infection which one might suppose to be relatively common on account of the high incidence of gonococcus infection, particularly in the male. In this case of acute tonsillitis (No. 59) S. viridans was isolated from the surface of the tonsil, and the complement fixation test for S. viridans was negative. One case (No. 55) of chronic endocarditis involving the aortic valve gave a positive Wassermann reaction, and one (No. 56) involving the mitral valve gave twice a positive reaction to S. viridans (antigen I).
In one case of multiple adenitis, simulating Hodgkin's disease, the blood reacted positively to three strains (antigens I, 3, and 5) of S. viridans, but not to autogenous antigen (No. 4) of S. viridans from pus from the gums and from the sacculi on extracted teeth.
One case (No. 64) of pulmonary tuberculosis with secondary infection, and with extensive pyorrhea alveolaris reacted to the pneumococcus, possibly in response to the secondary infection in the lung, which can be surmised only since there is no record of a culture from the sputum.
Cases 61, 62, 63, 64, and 65, of extensive pyorrhea alveolaris and suffering from and under observation for diseases undoubtedly not due to a type of streptococcus, were negative to tests for S. viridans.
On the whole, it should be noted that the 26 control cases were consistently negative to complement fixation tests for o c. viridans and that the three cases (Nos. 47, 56, and 60) which reacted to
